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Physicians should be alert to the possibility of occlusion of one or

more of the branches of the aortic arch in any patient having neuro-

logic symptoms or complaint of claudication in the upper extremities.
The finding of a pulse deficit in the neck or arm and a blood pressure

difference of more than 30 mm of mercury between the two arms is
pathognomic of this disease. The presence of the occlusive process can

be confirmed and its extent determined by angiography.
Vascular reconstruction can be expected to restore normal hemo-

dynamics with gratifying relief of symptoms in the majority of cases.

THE CURRENT EMPHASIS on the prevention of
strokes places the responsibility for early diagnosis
of occlusive extracranial vascular disease with the
physician. Previously hopeless victims of cerebral
vascular insufficiency can now be treated effec-
tively by vascular reconstruction provided the oc-
clusion is in an accessible location in the neck. It
is the purpose of this communication to describe
the salient features in the diagnosis and manage-
ment of arterial occlusion involving the vessels of
the aortic arch. The symptoms and findings in oc-
clusion of this type are so characteristic that a
presumptive diagnosis can be established with a
high degree of accuracy by history and physical
examination alone.
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Occlusive disease of the vessels of the aortic
arch was first recognized in 1856 by Savory"2 in a
"young woman in whom the main arteries of both
upper extremities and of the left side of the neck
were throughout completely obliterated." Taka-
yasu, an astute Japanese ophthalmologist, reported
in 1908 on retinal changes secondary to occlusion
of the great vessels of the neck and thereupon
Takayasu's disease became an entity.13 Martorell
and Fabre in 1944 reported from Barcelona on
"the syndrome of obliteration of the supra-aortic
trunks" and in Europe the designation Martorell-
Fabre syndrome continues to be used.

Recently, investigators have tended to include
all occlusive diseases of the vessels of the aortic
arch in a single entity although the condition may
be caused by any of several etiologic factors. The
most common obstructive lesion found in the verte-
bral, carotid and subclavian arteries is an athero-
matous plaque, with or without thrombosis. The
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inflammatory arteritis of syphilis and a poorly un-
derstood nonspecific inflammatory lesion, as is
present in Takayasu's disease, are found but rare-
ly. Crawford and coworkers4 reporting on 108 le-
sions in 67 patients, gave this interesting tabulation
of the site of occurrence: left subclavian 45, in-
nominate 24, left common carotid 23, right sub-
clavian 15, right common carotid 1. In that series,
41 per cent of the patients had multiple arterial
obstructive lesions. Hurwitt and associates noted
that cerebral angiography has demonstrated arte-
rial stenosis or occlusion of the vessels of the neck
three times more often than cerebral tumors, five
times more often than cerebral aneurysm and 15
times more than cerebral arteriovenous malforma-
tions.8

Subclavian Steal
One interesting aspect of obstructive lesions of

the vessels of the aortic arch is the hemodynamic
changes which may be present. Although suspected
from the time of Willis (1664)19 and suggested
by Gray' in his anatomy text, the actual reversal
of blood flow in a vertebral artery was first demon-
strated by Contorni3 in 1960. It was Reivich and
coworkers10 who clinically and experimentally
showed the significance of the reversal of blood
flow secondary to subclavian obstruction. Since
this report in 1961 many investigators have con-
firmed these findings and the subclavian steal syn-
drome is now well recognized.5 Not so well under-
stood is why some patients with subclavian artery
obstruction have symptoms of basilar artery in-
sufficiency while some do not. Reivich'0 demon-
strated that it requires approximately 10 per cent
reduction in the subclavian artery mean pressure
to cause reversal of vertebral flow. It takes 50 to
60 per cent occlusion of the lumen of a vessel to
cause a decrease in flow through it.7 The integrity
of the circle of Willis is a critical feature and the
atherosclerotic changes in the vessels of the neck
may be present in these anastomotic vessels as
well. Anatomic variations in the vertebral arteries
are important. The right vertebral is small in about
10 per cent of people and absent in 3 per cent
while the left vertebral is small in 6 per cent and
absent in 2 per cent. Occlusion of the major supply
to the basilar artery could be disastrous and may
have been the cause of the rare serious complica-
tions reported following ligation of the vertebral
artery.14'17

Experimental work on dogs has demonstrated

that reversal of vertebral flow following occlusion
of the proximal subclavian artery causes a 41 per
cent overall reduction of cerebral blood flow. Exer-
cise of the occluded extremity causes an abrupt
increase in muscular blood flow and should there-
fore abruptly decrease basilar artery flow because
of the reversal of vertebral flow, thereby producing
basilar insufficiency. Clinically this is true and ex-
perimental work by Sammartino and Toole" with
dogs confirms this chain of events.
Our experience with this problem consists of

nine cases, two of which involved occlusion of the
innominate artery and seven which involved the
left subclavian artery with demonstrated subclavian
steal.

Clinical Material
Table 1 summarizes the symptoms and findings

in nine patients having occlusive disease of the
branches of the aortic arch. There were five women
and four men ranging in age from 43 to 75 years.
The most common symptom was dizziness, which
occurred in six of the nine patients. Claudication
of the involved arm was present in five cases. A
palpable pulse deficit was noted in eight patients.
The difference in blood pressure between the two
upper extremities ranged from 38 mm of mercury
in the patient with the least disparity to 94 mm
in the patient with the greatest. Visual blurring,
hemiparesis and a neck bruit were present in four
patients.

Seven of the nine patients in this report had
angiographic proof of reversal of vertebral artery
flow. In two patients who had brachiocephalic oc-
clusions preoperative aortic arch angiography was
not done. Decided narrowing (one patient) or
complete occlusion (six patients) of the subclavian
artery at or near its origin was observed radio-
graphically and reversal of vertebral flow was noted
in all seven cases. These findings were confirmed
at operation.

Operative Considerations
The surgical approach employed in these pa-

tients was either a sternal splitting incision with
extension into the neck along the anterior border
of the sternocleidomastoid muscle or left antero-
lateral thoracotomy through the fourth intercostal
space. The median sternotomy incision was ex-
tended in one patient (Case 1 in Table 1 ) up to
the bifurcation of the common carotid artery for
the removal of an additional occluding plaque in
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Figure 1.-Left, side aortic occlusion, endarterectomy and endogenous patch angioplasty. Right, bifurcation onlay pros.
thetic graft.

this location. Anterolateral thoracotomy was em-
ployed in two patients with occlusion at the origin
of the left subclavian artery. These incisions were
well tolerated and were associated with no morbi-
dity. Closure of the sternum was accomplished with
No. 25 stainless steel wire which gave maximum
stability.

Endarterectomy followed by a small prosthetic
(Dacron®) or autogenous vein patch angioplasty
(Figure 1-A) was adequate in all but one of the
patients. Extensive atherosclerotic involvement of
the arch of the aorta in this particular patient made
it necessary to employ a by-pass graft since side
clamping of the aorta at the origin of the left sub-
clavian artery also occluded the origin of the left
common carotid artery. Reestablishment of the
subclavian and left vertebral artery flow was done
first by suturing in place a Dacron bifurcation graft
to the aortic arch with anastomosis of one limb
of the prosthetic vessel to the side of the subclavian
vessel. A temporary polyvinyl shunt was placed
within the common carotid artery while the poste-
rior portion of the second limb of the bifurcation
graft was sutured to this vessel. The shunt was re-
moved and the anterior portion of the anastomosis
was completed (Figure 1-B).
A Dacron or autogenous vein by-pass graft

should be used between the aortic arch and the left
subclavian artery for patients in whom the origins
of the left common carotid and subclavian arteries
are so close together that the application of a side
occluding clamp to the aorta cannot be accom-
plished without occluding the carotid vessel. Such
a shunt can be employed when it would be surgi-

cally difficult to expose the origin of the left sub-
clavian artery. This operative procedure obviates
inadvertent occlusion of the carotid artery and
avoids injury to the aortic arch.

Results of Operation
The results of operation in these patients were

excellent. Pulses were restored to the involved
extremities and the difference in blood pressure
gradient between the two arms was corrected.
Weakness and claudication in the involved extre-
mities were relieved and the vertigo and lighthead-
ed feeling which had accompanied exercise of the
arm disappeared. All patients were subjectively
improved. The single postoperative death seemed
unavoidable because of concomitant very severe
chronic pulmonary disease. In retrospect the pa-
tient should not have been selected for operation.

In two patients Homer's syndrome developed
after operation. Both had left subclavian occlusion
and the damage to the cervical sympathetic nerves
probably occurred as a result of mobilization of
the proximal subclavian artery with interruption
of nerve filaments from the inferior sympathetic
ganglion which arch beneath the artery as Ansa
subclavian fibers. In subsequent cases, great care
has been taken not to damage sympathetic fibers
in this area and the complication has not occurred.

Discussion
Occlusive disease of the branches of the aortic

arch can produce several syndromes, depending
upon the location of the lesion. Proximal subcla-
vian or brachiocephalic occlusions with reversal
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of vertebral artery flow give rise to basilar artery
insufficiency. Symptoms here may be vague but
usually include varying degrees of vertigo, nausea,
numbness of the mouth, diplopia, dysphagia and
dysarthria, paresis or paralysis of one to four ex-
tremities in any combination due to pyramidal tract
involvement at the decussation. Exercise of the in-
volved extremity ordinarily precipitates the pa-
tient's symptoms, since blood flow to the arm is
abruptly increased with further demand for verte-
bral collateral flow. Dizziness was the most com-
mon complaint in our group of patients, a finding
which parallels the observation of Wheeler,"8 who
reported this symptom in 11 of 13 patients with
aortic arch occlusions.

Occlusion of the carotid artery at its origin char-
acteristically causes weakness or numbness of the
contralateral extremities as well as ipsilateral blur-
ring of vision or momentary blindness and con-
tralateral homonymous hemianopsia. Four patients
in this study complained of visual disturbance.

Brachiocephalic artery occlusion can give rise
to an interesting clinical syndrome. Obstruction
of the subclavian artery causes claudication of the
right arm and occlusion of the common carotid
artery at its origin on the right side gives rise to
weakness and sensory changes in the left arm and
leg as a result of cortical ischemia.

The physical findings in aortic branch occlusion
are more specific and striking. There was a carotid
or radial pulse deficit in eight of the nine patients
in this series. Bryant and Spencer' called attention
to this important finding in their report of 14 pa-
tients with occlusions of the branches of the aortic
arch. There will be a blood pressure difference be-
tween the two arms of at least 30 mm of mercury,
and some investigators believe that a difference of
20 mm should arouse suspicion of arterial occlu-
sion. 11.15 In this study the blood pressure difference
between the two arms ranged between 38 and 94
mm of mercury. Callow2 emphasized the ease with
which the diagnosis can be established when there
is a pulse deficit and a disparity in blood pressure
between the two arms. All patients but one in the
present series had been heavy smokers for many
years, suggesting that this may have been a factor
i vascular injury.

Angiographic studies provide important infor-
mation regarding the site and extent of the occlu-
sion as well as whether reversal of flow is present
in the vertebral artery. It is impossible to assess
the degree of narrowing of an involved artery by

palpation of the peripheral pulse.16 The presence of
an arteriosclerotic plaque in a vessel supplying the
brain, even though minimal occlusion is present,
may be the source for platelet or thrombotic em-
boli, resulting in cerebral symptoms and findings.
Accurate angiographic delineation of such a plaque
is helpful in the selection of patients for operation.
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